During aging there is an increasing imbalance of energy intake and expenditure resulting in obesity, frailty, and metabolic disorders. For decades, research has shown that caloric restriction (CR) and exercise can postpone detrimental aspects of aging. These two interventions invoke a similar physiological signature involving pathways associated with stress responses and mitochondrial homeostasis. Nonetheless, CR is able to delay aging processes that result in an increase of both mean and maximum lifespan, whereas exercise primarily increases healthspan. Due to the strict dietary regime necessary to achieve the beneficial effects of CR, most studies to date have focused on rodents and non-human primates. As a consequence, there is vast interest in the development of compounds such as resveratrol, metformin and rapamycin that would activate the same metabolic-and stress-response pathways induced by these interventions without actually restricting caloric intake. Therefore the scope of this review is to (i) describe the benefits of CR and exercise in healthy individuals, (ii) discuss the role of these interventions in the diseased state, and (iii) examine some of the promising pharmacological alternatives such as CR-and exercise-mimetics.
Introduction
"The only things certain in life are death and taxes." -Benjamin Franklin While taxes may be unavoidable, researchers throughout the world are focused on developing ways to increase lifespan and postpone death. Such research is emerging at the start of an expanding older population. According to the Administration on Aging, the U.S. population of persons age 65 years or older is expected to grow from 12.4% in 2000 to 19% in 2030, roughly equal to 72.1 million individuals (http://www.aoa.gov/aoaroot/aging statistics/index.aspx, 2011). While advances in healthcare, nutrition, and technology have resulted in increased lifespan, such beneficial effects have not necessarily translated into improved healthspan, defined as the number of 'healthy, fully functional' years attained before the onset of disease. In 2011, it is estimated that approximately one in three adults is obese (http://www.cdc.gov/obesity/data/adult.html, 2011). Alarmingly, both obesity and aging are major risk factors for several diseases such as cardiovascular disease, diabetes, and even some cancers. While increased caloric intake and decreased physical activity may lead to these disorders, caloric restriction (CR) and exercise have been shown to delay these age-related diseases. In addition, since most individuals would be unable to commit to such a rigorous dietary program, novel research is focusing on developing CR mimetics in order to achieve the benefits of CR without decreasing food intake. This review will first describe the benefits of CR and exercise in healthy individuals. Secondly, we turn to evidence for such interventions in the diseased state. We will conclude by discussing some of the promising pharmacological alternatives such as CR-and exercise-mimetics.
Caloric restriction and exercise in the healthy state
The aging processes threaten to steal an individual's sense of self by targeting their motility and independence. For many decades, scientists have been trying to evade these processes through various interventions in the hopes of finding the 'Fountain of Youth.' Two possible, and well-known, interventions include CR and exercise. This section of the review will briefly focus on the effects of CR and/or exercise on both lifespan and healthspan, covering studies from mice to men.
Caloric restriction
CR, defined as a decrease of 30% to 60% ad libitum feeding without malnutrition, has long been shown to increase lifespan. The first evidence that CR extends mean and maximum lifespan was published in 1935 by McCay et al. (1989) . Since then, numerous studies have reported that lifelong CR, initiated early in life, extends
